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SOLID STATE EMROf^SI NG OF POLYMER DEVICFS 

This invention relates to electronic devices, especially organic electronic devices, 
and methods for forming such devices. 

Semiconducting conjugated polymer thin-film transistors (TFTs) have recently 
become of interest for applications in cheap, logic circuits integrated on plastic 
substrates (C. Dniry. et al., APL 73. 108 (1998)). and optoelectronic integrated 
devices and pixel transistor switches in high-resolution active-matrix displays (H 
Sirringhaus. et al. Science 28Q. 1741 (1998), A. Dodabalapur. at al. Appl. Phys. 
Lett: 73. 142 (1998)). In.test device configurations with, a polymer semiconductor 
and inorganic metal electrodes and gate dielectric layers high-performance TFTs 
have been demonstrated.^ Change carrier mobilities up to 0.1 cmWs and ON-OFF 
current ratios of 10«-10» have been reached, which is comparable to the 
perfomnance of amorphous silicon TFTs (H. Sirripghaus.. et al.. Advances in Sblfd 
State Physics 39. 101 (1999)). . .. 

One of the advantages of polymer semiconductors is that they lend themselves to 
simple and low-cost solution processing. However, fabrication of all-polymer TFT 
devices and integrated circuits requires the ability to fom, lateral patterns of 
polymer conductors, semiconductors and insulators. Various patterning 
technologies such as photolithography (WO 99/10939 A2). screen printing (2 
Bao. etal.. Chem. Mat. 9. 1299 (1997)). soft lithographic stamping (JA Rogers 
Appl. Phys. Lett. 75. 1010 (1999)) and micrpmoulding (J.A. Rogeis. Appl. Phys." 
Lett. 72. 2716 (1998)). as well as direct ink-jet printing (H. Sirringhaus. et al.. UK 
000991 1.9) have been demonstrated. . " 

Many direct printing techniques ara unable to provide the patteming resolution 
that is required to define the source and drain electrodes of a TFT. In order to 
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surf.ce free energy (H. SWnghaus e. a,.. UK 0009915.0). 

,„ OS patent app»ca«on nun,.er eonS2.9« a W 
o.e...on.op.a^^er^^^^^^^^ 

""'''n retail Iva ed temperatures. For a senOcystalUne pc^er. 

/pp\ orpolyi[ethylenetereptha!ate)(Pti). mee. » .«,„thpcase 
(PE). or P y .^^ ^^^.^^ temperature. In the.case 

the glass trans-bon of the polymer, bu polystyrene. (PS) or 

Mentation depth larger than ^ u.^ "tt,, integHty o.*e metal- 

stale and plastic floW mainly occurs laterally. 

^„gtot.ep^n.lnyen..n.e^P^- 
. out in the a&ompan^r^ deims. In parfcular, J 

- ~ Cr, .e method 

s Jure so as to cause the protmston to mlc„«ut through the flrst layer. 
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other aspects of the invention include devices fonned by that and other methods, 
and integrated circuits, logic circuits, display circuits and/or memory device 
circuits comprising one or more of such devices. Preferably the said devices are 
formed on a common substrate. Preferably the said devices are formed In a 
common layer of an organic material. 

Preferred aspects of the present invention relate to methods by which solid state 
embossing can be used to fabricate polymer transistor devices and qrcults. 

The present Invention will now be described by vyay of example, with reference to 
the accompanying drawings. In which: 

figure 1 is a schematic diagram of one erinbodiment of the solid state 
emt)pssing arid microcutting process; 

figure 2 shows environmental scanning electron microscopy images of 
microcut PEDOT films on different polymer supports (A/B: 8OOA PEDOT on top of 
Sum PMMA: C/D: 8OOA PEDOT on top of 3^m PVP). The bright areas are those 
covered with PEDOT; 

figure 3 a schematic top view of a possible source:<Jrain electrode 
configuration to fabricate a regular an-ay of discrete TFT devices by combining 
direct, printing with solid state embossing. For integrated circuit fabrication 
interconnects between any two TFT devices can be defined by direct printing, as 
indicated by the dashed line; 

figure 4 shows a schematic diagram of the process sequence for 
fabricating a top-gate polymer TFT by a combination of solid state embossing and 
direct printing; 

figure 5 shows a possible process sequence for fabricating a vertical 
polymer TFT by solid state embossing; 

figure 6 illustrates a method for fabricating self-aligned gate electrodes for 
polymer TFTs by a combination of solid state embossing and selective surface 
modification; 
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figure 7 shows an alternative method for preparation of a surface free 
energy pattern that can be used to fabricate narrow conducting interconnect l,nes 
and eleotiodes by direct inlqet printing; 

figure 8 illustrates fabrication of a via^ole interconnect by splKi state 

''"'"'Ze 9 shows another schematic diagram of a multuayer structure for 
,abrica«on of vertical transistors and a photograph of a completed transistor with a 
irtple layer of embossed gold /1 Jim FW/goUi 

figure 10 shows output and transfer characteristics of a vertical, embossed 
polymer t,.nsist»r measured with electrodes E2 and E3 as sour,=«lrain 

"'"'"'tore 11 shows output and transfer characteristics of a planar, embossed 
polymer transistor measured ^.h electrodes E2 and E4 as sou.,*<iraln 

12 shows a cylindrical microcuWng tod used to emboss a 
continuous, flexible substrate in a reeWo-reel process; 

figure 13 shows a light emitting diode device fabricated on a vertical s,de 
wall that also fonns an optical vraveguidestmdure; 

flgurt 14 shows an electrically driven laser device with and p-type 
tanslstor channels that pro«de electron and hole injecUon intothe llgh, emitting 

semiconductor material; ,u. -.wv^ii 

.figure 15 shows a device with a lateral p-n JuncUon fom,ed ,n the mKTOCut 

'"""'figure 16 By combining a multitude of mlcrocutting tools comprishg the 
same or different relief stnictu.es large-area mlcrocutting tools of e.g. planar (FIG. 
,6a) but also cyunder-shape CFIG. 16b) can readily be fabricated. Mematwely 
cylinder-shaped mlcrocutting tools can also fabricated by bending e.g. a sheet 
comprisingp.t,trudingedgesthatarefle>dbleenough(16c). 
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A first example demonstrates the application of solid state embossing to 
microcutting of conducting polymer films. 

Figure 1 shows a schematic diagram of solid state embossing of a thin film of 
PEDOT/PSS on top of a thick, smooth insulating polymer support such as PMMA. 
poly(vinylphenol) (PVR). pply(styrene) (PS) or polyimide (PI). The insulating 
polymer film Is deposited on top of the 7059 glass substrate by spin coating from 
a 15-30 weight % solution in propylene glycol methyl ether acetate (PVP) and 
cyclopentanone (PMMA). respectively, resulting in a film thickness of 2-3 ^rni. 
Prior to the deposition of the PEDOT the surface of the insulating polymer is 
rendered hydrophlllc by O2 plasma, treatment in order to promote the adhesion of 
the PEDOT film. A 800 A film of PEDOT/PSS (Baytron P from Bayer corporation) 
is then spin-coated flrom a water dispersion. Embossing is performed at a 
temperature of 150<»C (PVP). loooc (PS). lOS-C (PiVIMA) for up to 60 min with a 
load of about 1 kg/mml Other processing conditions have also been shown to 
yield satisfactory results. Subsequently, the sample is cooled to room temperature 
before the pressure and the master are removed. 

Critical in the method according to the present invention, is that during the 
microstructuring process the polymer substrate 3 is in its solid state, Aca)ftJingly. 
for amorphous polymers the method is carried out around the glass transition 
temperature. Tg. The latter temperatures generally are well known and can be 
found for instance in. Polymer Handbook (Eds.. J. Brandrup. H. Immergut E. A. 
Gmlke. John Wiley & Sons.. New York. 1999). or can readily be detemiined 
according to standard themial analysis methods. Preferably, the microstructuring 
process according to the present invention is earned out in a temperature range 
from about 50 ?C below to about 50 "C above Tg. and more preferably, from about 
40 "C below to about 40 "C above that transition. . Most preferred is the 
temperature range from about 25 .'C below to about 25 "C above Tg. For semi- 
crystalline polymers the microstructuring method according to the . present 
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■oH o,rt in the temperature regime between about the glass 
invention is earned J. . «-e e p ^^^^ ^ 

^„3,.ion "J;,! KnoM, and can also be found ,or instance in 

temperatures generally are also ^ ^ 

polymer Handbook, or can readrly be determme ^ 

analysis methods. ^ T^^. 1 C ^^^^^ - 

temperature range -m abo. ^ C ^ J.Jo^ . the 

rr::rvoit.c.^^^^^^^^ 

:r:t:o::::a=.er.roughoneormo,eo,thelaye,sa3.e«««. 

one . .he — l^rTrbC^^ 
substrate to be embossed can be ,n «™^ . homogeneous way. 
^ the pressure dunng the embossing ,s 
such that a homogeneous dep* of microgrooyes ,s obtained «:ross the 

« shou« be r^ted that a conductmg polymer «m such as 
:«^„ed,o^..e.,.--^^^^^^^ 

has very diflerent mechanrcal and -'-"'^^^ .herefote. 

ha^,po^--<-~^^^^^^ 
techniques for processing hard films gre noi ge 



processing. 



neure 2 shows environmental scanning electron microscopy (ESEM) ,mages o a 
C!t P^T flm on PmK The sn^n master in this case cons^ts C a 
^a^vTs^^ wedge-shaped protn,sions. The la.e.1 size o, the mrcrocu^ 

parallel array »' p.^OT electrodes, is determrned 

"Th t le^I^ 3r^ ^ went*- "^^"^ '^""'^ 

rrs:r--Tsepa.tedbyn.crog^esw«hgapsdownto0.a^ 
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and indentation depths of about 1.5 using a wedge with an opening angle a of 
70» (Figure 2). 

In some cases it was found that only every second line had been microcut (see 
figure 2D). In some circumstances this might be acceptable, but If it is to be 
avoided it has been found helpful to promote the adhesion of the PEDOT layer to 
the underlying polymer support, for example by making use of adhesion, 
promoters or plasma treatment of the polymer support prior to.deposition of the 
PEDOT. 

Another example demonstrates a method by which solid-state embossing can be 
combined with direct printing to define ail-polymer transistor ..devices and 
integrated TFT circuits. We use microcutting of conducting polymer films to 
accurately define the active channel region between the source . and drain 
electrodes of the TFT with submicrometer resolution. We combine solid state 
embossing with direct printing techniques such as Inkjet printing or screen 
printing. This allows us to fabricate discrete.TFT devices and .arbitrary Integrated 
circuits, with areas in between devices that do not contain conducting material. 
Note that microcutting iri combination with thin filrn deposition techniques such as 
evaporation, spin-fcoating or blade coating is capable only of removing conducting 
material in small areas. The following features are significant 

- Combination of microcutting witii direct printing: To define conducting coarse 
patterns on the substrate prior to embossing a broad variety of printing 
techniques may be used. Conducting polymer electrodes may be deposited 
direcfly by techniques such as Inkjet, or screen printirig or micromoulding 
techniques. In order to increase the electrical conductivity of the electrodes it is 
possible to use. the printed conducting polymer pattern as a template for the 
subsequent electrodeposition oTan inorganic metal. In this case a double layer 
of conducting polymer and inorganic metal film is microcut. Alternatively, a 
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layer may be pnnted (by Inkjet or microconttct pnn«ng. for example) that 

e Jn«, be use. to in«..e e,eot.,ess p,a.no oC a '^^'^ 
Wnd et al., Langmuir 2000, 6367 (2000)). Ye. another po^Wrty « the d.rect 
X Of a solu^on-prooessible precursor to a conducing .ayer such ^ an 
Sletatlic con^pound or a oo«o«a, suspension of conducing parades 
(Kydd.etal.. WO 98/371 33). 

^ a second step the electrode pattern is then mlcroo.. by so.« 
embossing to define the s^,, source (S) - drain (D) -P^-*""' ^ 
hows a ^sibie st^Cure in which an array o, simpie rectangular ^«.~de 
plttents ar^ inte— lines is depos«ed by direct printing. w.,>ch . 
Tnleed WiUr a master containing wedges that define '^^^-^^^ 
dl efectrodes. Interdigitated electrodes are advantageous smoethey allow 
Tnl^ TFTS With la„e channel width over a small area. Arbitrary and 
IT^^lplex source^n electrode patterns can be fabricated in this way. 

Registration: In principle, the embossed channel has to be aligned accurately 
" w^%lc..o:ep,eviouslydepositedcoarseeiec..edepattem.Th.may^ 

a*^ by perfomr^g «.e emboseing step in a mask aligner w«, op.c^ 
piling. However, registration Usues can be largely overcome by defin,^ 
ri--.TFTanayssuchas.f«onesh««r,infigure3in.hich.^^^^^^^ 

L coarse eleCrcde paUem are periodic in one ~ ^^^^^^ 
alignment requ^ements are less criUcal. To fabdcate integrated TFT arorrts 
^^.idua'TFTs of the array can be »nnecM by printed interconnect iines 

and viaJiole interconnects (see below). 

EteCical and structural integrity: In order to avo« damage to the TFT laye^ 
" n;a.cular.otheineu.«ng9ated.lec.Ho,bytheen*^.g.^^^ 

a .Late TFT smrcture inv*ich the TFT layers are formed on top of and 
Zl embossed sdurce^raln pa«em. As shown In «gure 4 th. layers of 
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the semiconducting polymer, and the gate insulating polymer are deposited 
from solution followed by direct printing of a conducting ppfymer gate electrode 
(G). For conjugated polymers with a low bulk conductivity patteming of the 
semiconducting polymer layer is. not required. The formation of this layer 
structure requires careful choice of solvents in order to avoid dissolution and 
swelling of underlying layers. However, it. has been shown that adequate 
structuial integrity of the different polymer-polymer interfaces of the TFJ can 
be achieved using an altemating sequence of polar and non-polar solvents (H. 
Sirringhaus et al.. UK 0009911.9). One possible sequence pf materials is 
indicated in figure 4. 

: Structural self-organisation: In order to obtain a high charge carrier mobility the 
semiconducting polymer layer needs to be. highly ordered which can be 
achieved by making use of self-organisation •mechanisms. Various, self- 
organising semiconducting polymers can be used such as regioregular poly-S- 
hexylthiophene (P3HT). and polyfluorene co-polymers such as poly-9,9'- 
dioctylfluorene-cp-dithiophene (F8T2). In devices such as that . in figure.4 the 
channel is formed within the embossed microgrooyes. Thje topographic, profile 
of the groove may be :Used .to induce alignment of ...the . semiconducting 
polymer. Double embossing may also .b^: used. .The. po!ym.er support pan be 
embossed once prior to deposition of the .PEDOXS/D layer .in order to define 
microgrooves in the polymer support parallel, to jthe TFT channel, Since 
embossing is performed in the solid state, this relief is maintajned during the 
second orthogonal embossing step to define the channel (rsl. Stutem^nn et al.. 
Adv. Mat 12. 557 (2000)), If a liquid^jrystalline semiconducting . polymer such 
as F8T2 is used (H. Sirringhaus et al.. Appl. Phys. Lett. 77, 406 (2000). 
alignment of tfie polymer chains predominantiy parallel to ttie TFT channel can 
be. induced using the first embossing pattern as an alignment layer (J. Wang, 
et al., Appl. Phys. Lett. 77, 166 (2000)). 
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»u«^ in HofinP vertical side walls in polymer 

n997^) the channel length is derinea uy „,«„arTFT 

source and drain electrode layers separated ^ y ^ ^ 

M de.em.ines the cHanne, ,en^ o, me TPT^A v^c 

formed by appropriate means such as ^ * ^ „^^„,„^ 

' :^r«^r.- — o, su— eter C^nn. .r^s 

and drive cunrents. 

. . r TFts have not hitherto been demonstrated, because of the 
Vertical polymer TFTs have not ^^^^^ ^^^.^^ 

.™ assodated v^th ^ 

L degrada^on of eteCdria.^ h-nCtona. po^mers upon plasma exposu«. 

r::r:r;;er^..«..e^^^ 

vertical inclined side wall of an embossed m^rogroove. Ttte .n* at layer 
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consists Of two conducting polymer layers that have been coarse-patterned by 
direct printing separated by an insulating polymer layer such as a layer PI or PVP. 
The insulating layer can be deposited by spin coating. The thickness of the 
insulaUng spacer layer should be less than 2 Mm. preferably less than 1 ^xm. most 
preferably less than 0.5 ^m. The minimum thickness, i.e. channel length that can 
be achieved in this way. is limited by frictlonal forces between the master and the 
polymer layers. Friction tends to cause a downward movement of the lips of the 
upper conducting polymer layer during embossing. This may cause electrical 
shorts bietween the two conducting polymer layers if the thickness of the spacer 
layer is too small. Friction can be minimized by chemical modification of the 
master, such as deposition of a functional self-assembled surface monolayer to 
minimize adhesion between the master and the polymer layers or. other friction- 
reducing lubricants. After the embossing step the device can be completed by 
depositing a conformal layer of semiconducting polymer and gate insulating 
polymer. Confomial coating is facilitated by the finite .inclination of the side wall 
that is defined by the opening angle a of tiie master.. Finally a gate electrode 
pattern can be printed Into tiie microgroove overiapping with the side walls. With 
suitably defined printed source-drain patterns TFT operatiqn may: be obtained on 
both side walls of each microgroove. 

Vertical transistors according to one embodiment of the present invention were 
fabricated in the foltowing way: First, amorphous polyethylene terephthalate, PET. 
films (tfiickness = 0.25 mm; Goodfellow).were cleaned by sonicatipn in xylene 
(Aldrich) and subsequent oxygen-plasma treatment for 60 sec at 50 Watt. Then. 
pre-stnJctured gold pads of 1 x 5 mm size and a thickness of 40 nm were 
themially evaporated utilizing a suitable shadow mask. Spin-coating a 10 wt% 
poly(vinylphenol). PVP (M. « 20 kg mor\ « 151 X; Aldrich) solution in 
isbpropanoL lPA (Aldrich) at 2000 rpm for 60 sec yielded an approximately 1 Dm 
thick insulating film on top of these gold pads. Subsequentiy. a second set of gold 
pads were evaporated in ttie same way as described above. - however these pads 
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were sh«ed slighUy with respect to the formerty P^duced ones to enab(e th* 
were snmea s g y ^ , ^ ^ microoul on the PET 

iTthen 37 wt% po„(mem^ memao-ytate). PMMA (M. » 120 Kg .no, T. , 105 
" "Zi, sotu^oo ^ anhvd^us huty. acetate ,Ro.„ Ltd.) also at 2m ^ 
,^TJ. .hd. the^any evapora«ng another set o, gold e>e*odes 

trough the same shado* masK to deflno the gate dectrode. 

Ploure' 10 shows output and transfer oharactenstics of such a verdcal polymer 
l^ tT o. ^nylpheno, on a PET suhstrate (see f,gure 9). The 

^r:::' rml^TopV^n can he ohserved. « care ^s taKen 
J Il2 doping Of .he P3HT hy,avo*g exposure o, the P3HT » atmos^e. 
,_lng under lne. n-^e^—^^^ 

e!:de"«.ha..hemlc,ocu«^.-hn,ue.capah.eo.prese™^^^ 
^uMayerstack^ithoutgeneratlngetectrical shorts in dMerentlayers. 

This opens the way to a hroad range ^ device applteations "-^^ 

can be used to define vertical sidewalls with electrodes ,n dtfterert laye.^ 

Examples of other use*,. stmCures w«h such vertical side walls are vertrcal .«ht 
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emitting diodes with anode and cathode (formed from different materials) stacl<ed 
on top of each other (see figure 13). If such a microcut groove is filled with a light 
emitting material such as a conjugated polymer with a refractive index higher than 
that of the substrate and that of the dielectric polymer spacer layer separating 
anode and cathode the light from the LED can be coupled into the waveguide. 
The light might be guided within the embossed groove to some other location on 
the same substrate where it might be detected by a vertical photodetector formed 
by the same method as the lED, This provides a simple fabrication method for 
■ integrated optical communication circuits. 

Another useful device that can be fabricated in thjs way is an electrically driven 
laser. Recently electrically driven lasers based on organic single crystals have 
been' demonstrated (Schon et al.. Science 289, 599 (2000)). The device 
architecture is based on TFT devices formed on both sides of the organic single 
crystal providing injection of electrons and holes from opposite sides of the 
crystal. Waveguiding is achieved along the parallel channel of the TFTs by the 
high refractive index of the gate electrode. However the method of fabrication 
requiring accurate alignment of devices on opposite sides of the crystal is not 
suitable for integration. Here we pnapose a method for fabricating a similar device 
architecture by solid state embossing that is more suited for integrated circuit 
fabrication. A schematic drawing is shown in figure 14. The. p-channel can be 
formed on the bottom side of the semiconducting layer deposited into the 
microembossed groove, while the n-channel can be formed on the top of the layer 
or vice versa. Waveguiding of the emitted light, can be. achieved as described 
above. Optical feedback that is required for laser actiori can. for example, be 
achieved by depositing the layer sequence onto a substrate that had previously 
been embossed with grooves in a direction perpendicular to the laser waveguide. 

Vertical side walls may also be used to form well-defined Interfaces between 
semiconducting layers such as lateral p-n junctions as shown in figure 15. 
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Anomer example demons«,.es a for tonrtng surface r^iet tean,res tt^ 

pan be used to fabncate surface free energy patterns that direct and confine the 
solution deposlUon of polymer patterns. 

Many diredprtnting techniques to deposftpolyn^r patterns sufferf«n, a .«^ 
,„„ esowon ma. prevents «,e fonnat^n of finite features and .,n« 
dimensions o, a fe« mic^meters. in t,« case df ^Kia. pHntUtg, <^'^ 
^solution is limited to 20-50 .m by the uncont»«ed sp«adino of ,n.,e» drap^ets 
on ^ substrate and statistical vanattons in flight direction. It has been shown 
thd re^lution can be sign«ican«y enhanded by printing on*, . -^^^ 
cbhtalns a prefabricated pattern of surface free energy. In the case of 
PEDOT/PSS deposited from vater sduUon the spreading of dnjplets can be 
Intr^led by using hydn,pho..c .palling banKs such «,a. the PEDOT depose 
Taccurate^ confined to the hyd^phil. surface, regions. 
W been demonstrated to fabricate such a surface free energy pattern such as 
photCHhog^phiC paneming of a hydrophobic polyimide '^V^-^^P 
hyd,oph.ic glass substrate or photopattemir^ of a se».assembled monotayer (H. 
Slrringhausetal.,UK000991S.O). 

Anomer tachn^ue to gen^td a surface free ene«, pattern is 
stamping (sae fbraxample, Y. Xia, et ai.. Angew. Chem. int. Ed. 37. 550 (1998)). 
rja soft Stan,, containing surface relief features is fabricated by pounng a 
soMon of poMdimamylsBoxane) (PDMS) over a patterned master. After cunng 
and peeling offthe mastar«,e stamp is exposed to a solut^n of a sel,-as=«mb^ed 
mdn^ayer (SAM, and then brought into contaa w«h the -P'-"*- ^ 
SAM is selectivoly transferred to the sample In ttiose regions wh,ch are ,n d„ect 
contact With the stamp resulting in local modification of the surface free energy. 



0229912A1J_> 



wo 02/29912 PCT/GBOl/04421 

15 



Solid state embossing provides an elegant, self-aligned method for confining the 
deposition of material to the embossed microgrooves by making use of the 
topographic relief features generated by the embossing step. 

If a solution of material is deposited onto a substrate containing microgrooves the 
solution will be drawn into the microgrooves by capillary forces. This provides a 
. mechanism for the selective deposition of material in the microgrooves. 

This effect can be enhanced by modyfying the surface energy of the substrate. If 
the embossed sample is brought in contact with a flat soft stamp that has been 
exposed to a self-assembled monolayer, transfer of the SAM only occurs in the 
planar surface regions, but not on the side walls of the microgrooves. Flat stamps 
can be fabricated by using the materials and procedure developed for soft 
lithography, without the need for a surface relief, i.e. a pattern on the master. 

One of the attractive advantages of thiis technique as opposed to soft lithography 
Is that it does not require any alignment or registration with respect to a previously 
deposited pattern. It allovi« for example an elegant way to fabricate a self-aligned 
surface free energy pattern for the printing of the gate electrode of the- TFT as 
shown in figure 6. If the planar surface regions, of the gate insulating layer are 
modified to be hydrophobic the deposition of an Inkjet printed gate electrode, for 
example of PEDOT/PSS in water, is confined to the microgrooves without 
spreading into the hydrophobic surface regions. This allows fabrication of a self- 
aligned TFT with small overiap capacitance between source/drain and gate 
electrodes. This feature is particulariy useful In the context of vertical TFTs, 
because the self-alignment of printed gate electrodes provided by the topographic 
groove overcomes one of the general problems of vertical transistor device 
architectures. Most vertical transistors suffer from . a large overiap between 
source-drain and gate electr=odes due to the difficult alignment of the vertical 
metallization. As a consequence of the reduction in capacitance an integrated 
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better fan-out. 

. . ri^ic for such surface patterning is to use a gate 
insulating layer of PVP. kvk ^^^^ ^^^^ ^^.^ 

scenes te^ ^ ^, ^ ^ 

dissolved. Its surface can be made M P^^ alKy^chlorosilanes. Contact 
™„,3,, ot a«^-,n. ^^^-^^^^^ 

r— .epos- d^^ts ,.. .«at. 

solution to the hydrophillc surface regions. 

^ surface modifying the upper part of the stnjclure is to 
^ a«en«th,e ^^^^^^J^^L. in which the vapour . di,«^^^ 

use a vapour process, ^^f^^^^ c *e recess to ^h,de at 

r::t:r;r:r::e:f::.evapour,so^^ 

C ihe recess and the top surface are surface treated. 

. far such surface prepatteming which does not even require 

polymer layer such as PVP 9 sunau« ^^^^ 

----rr:r:^ri:::rogrsa .o .e 
rsrd":eie::r:hi:at.n..h..prfn^^^ 

h^h dens*, anays offlne in.e,cor»»o. Ones wim arh«ary panels. 
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Another example demonstrates a method for the fonmatlon of via-hole 
interconnects. 

In order to form' integrated TFT circuits using devices of the type described above, 
It is necessary to make via hole interconnects between electrodes and 
interconnects In different., layers. Different methods to fabricate such via-holes 
have been demonstrated, such as local etching of dielectric layers using Inkjet 
printing (H. Simnghaus, et al., UK000991 7.6), photolithographic patterning (G.H. 
Gelinck et al.; Appl. Phys. Lett. 77, 1487 (2000)) or serial hole punching using a 
mechanical stitching nnachine (C.J, Drury et al., WP99/1 0929). 

Solid state embossing offers an alternative method tp open , such via-hole 
interconnections as illustrated in figure 8. If the master contains an an-ay of sharp 
pyramids (N. Stutzmann et al,. Adv. Mat, 12. 557 (2000)) theemlipssing can be 
used to generate a small diameter pyramidal micrpcuts through a dielectric layer 
exposing the surface of an underlying conducting electrode. The.grppye can be 
filled with a conducting polymer in a subsequent printing step. ..This prooess can 
also be applied to more complicated multilayer structures containing sequences of 
insulating and semiconducting polymer. 

The size of the via-hole i^cjefined by .the sl?e of the pyramidal wedge and the 
indentation, depth. .Using a wedge with an , opening angle of 70" via holes with 
dimensions of a few micrometers or even submlcrometer dimensions can be 
fabricated. Small size of via holes is important for fabrication of highKlensity 
integrated circuits. 

One. of .the advantages of such a process Is that it allovys fonnatlon of a large 
number of interoinnects :in a parallel way. whereas techniques such as 
mechanical stitching or Inkjet printing are essentially serial. 
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K^Himpnts PEDOT/PSS may be replaced by any conducting 
polymer that can be P _^ pedoT/PSS are: (a) a 

allowing for efficient hole charge carrier injection. 

spikes, and the like. The process oi However, the 

„i^tt„,g too. are ™7*2h^nd *eprotn,sions 

^Ha. of v*«, thetoo, U n«de should ^ ^^^^^Z^^^ ^ 
«*,en«y sharp that the tool is capable o. c^tt^ng '^'^'^^^^ , ^ ^ 
^ is u, cut through ah -PPer l^ver o. a muMayer ^ ^^ "^ ^ ^ 
features sh^ld e«»ed t,^™ d 0, the layer o a^^ 

Characertstlc dirher^lcns 0. these fea^res. such as ^^^'^ 
less than 500 nm. more preferably less man lu 



than 10 nm. 



p™tn,stons. one usitul cdnfiguratiph « (or the protrusK>ns to 



parallel to each other. 
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The microcutting tool suitably comprises at least one cutting edge, but preferably 
a multitude of edges. The latter allows for fabrication of a multitude of devices in 
one single embossing/microcutting step. The protruding edges may all be of the 
same geometry or may differ from each other. For instance, a microcutting tool 
accordinig to the present invention may comprise arrays of line-shaped edges (c.f. 
schematic top view figure 12) with which for example prerstructured electrical- 
conductive layers on top of a polymeric substrate (figure 12) can be cut jn one 
step leading to an array of electrodes e.g. for use in electrical devices such as 
thin-film transistors. 

In another example the microcutting master could be either planar or cylinder- 
shaped or could have whatever geometry is best suited for the device and . device 
configuration to be fabricated as well the fabrication prpcess. Gylinder-shaped 
microcutting tools are particulariy useful . as - they allow for enribbssing of a 
continuous. flexible isubstrate in a reelrto^reel process (see figure 12). .Reelrtp-reel 
fabrication may offer higher throughput, and lower cost capability. than a standard 
batch process. In this context it. is of particular significance that the embossing is 
perfomried preferably in the solid state, in which the embossed grooves retain their 
shape after the erribbssing tool Is retracted. If the embossing were performed in 
the liquid phase, it would be necessary to reduce the Substrate temperature 
before removing the microcutting tool, which would be difficult to achieve with a 
rolling, cylindrical microcutting tool. The flexible tool could be cbnstituted by a 
flexible plastics stnjcture, or could be a flexible sheet of another material, for 
instance a thin (e.g. 20 micron thick) sheet of silicon. 

Large-area microcutting tools according to one embodimerit of the present 
invention can be fabricated for instance by combining a multitude of microcutting 
tools comprising the same or. different relief stmctures (see figure 16). Cylinder- 
shape microcutting tools may be fabricated by first producing a planar tool which 
is subsequently rolled or bended (see figure 16). 



022991 aAlJ_> 



PCT/GBOl/04421 

WO 02/29912 

20 



S.K3b,a masters can be made by a vartety c. Known ,n *e art. .nd^^. 

bu. no. limited to anischopio etehi.^ techniques, lithograph.: me««ds 
etectroplasng, eieCrofo^ng and me liKe. I. U most preferred with,n the spo e f 
^reln, nvention to apply anisoUop. etching t^nK^es to tablcate ^^b^ 
ra.^^, as U,ese techniques can iead to ,eaf res ha*g edges o^ a ra^^ o, 
cu^atu-B 0. less than 10 nm in a mps. stra,h..on»art. -y, I. P»*^^^ 
an-^t^pic etching b, single^rystaliine or poiycn^stailine «»rgar.,c maten^ » 
eonten^lated in the scope of this invention. A most su«able M *e 
p^n. invention is not limKed to, single.,y^»ine ,100, s.oon, ^ «h,ch 
Lisotrapic etchants ^ch as solu«ons of potassium hydro»de (KOH) « 
ZLLy, arhmonium hyd.xide fTMAH, in water. wHh or without the.«*ono 
Z^ l^ <IPA) en be used. Other mateha. dHferent ,.m ,1(X„ .l,»n 
and anltropic et*ants dif,e«nt from those listed above might be empioy^ e.^ 
L vary e.g. 1 angles or etching rate; these wii, be apparent to those or^nanV 
JZ. L^tof m-K^fabdca^on. «so. for fabHca^ng more 
such as rect^ngula^haped comer, needed for example for pMu»9 
rterdigltated features, anisotropic etching techniques incorpora*.^ d^eren 
^^plsa^on structures might be appUed which are designed su* ma. come, 
are Uc^d by a "sacnficia.- beam or simUar stnrcture unfit the des,^ e.ch 
Tpl ,s r^acJ-These etchlng-teohniqaes are also well-Known (cf. van K,rnpen. 
rTL WoM^buttet. R. F. .. M^c^necf,. *f.roen.. 5. 91 (1995), Sche,be. C. 
and'obem^ier. E. Mtoonreo.. Micer^. 5, 109 (1995). Enoi^". ■'■ 
Micmmech. Microeng. 7, 141 (1997)). 

Anisotropic etching of sHIcon can suHa«y be used to P-"- ^ "^^^^^ 
.ool or master having proUusions wf»se faces «.nespond to the ( HHaceso 
silicon The angle becveen those feces IS 70- (or more .precisely, 70.53 ) The 
:less Of the .l^sheetissu«ab.ya,«r«1 300 m^ns. Other matenalsm^^ 
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can be anisotropically etched - suitably other semiconductive materials - could be 
used. 

Microcutting tools may be fabricated by first producing sharp features in e.g. a 
silicon waver by anisotropic etching techniques. That microshaped wafer may be 
used as the tool itself, or subsequently replicas of that wafer may be made for use 
as the tool. If the wafer is shaped as a negative of the desired tool then the tool 
niay be moulded on the wafer If the wafer is a positive version of the desired tool 
then a first replica of the wafer may be made, and then the tool may be formed as 
a replica of that first replica. The replicas are suitably made in materials such as 
thermoplastic and thermosetting polymers. This has the advantage that sharp 
grooves can be etched into the original master, e.g. a silicon waver, what is often 
a more straight-forward process than etching sharp ridges. The polymeric replicas 
of such an original master should be sufficiently hard and capable of cutting 
through the layers to be structured. Accordingly, polymers used for replica 
production preferably have a glass transition temperature larger than 25 ^C, more 
preferably larger than 110 and most preferably larger than 150 ^G. The latter 
temperatures generally are well known and can be found for instance in Polymer 
Handbook (Eds.. J. Brandmp, H. Immergut, E, A. Grulke. John Wiley &. Sons., 
New York, 1999). Preferably, high-glass transition, thermosetting resins are used 
for producing replicated microcutting tools, such as cyanate ester resins (e.g. 
4,4'ethylidehediphenyl dicyanate and dligo(e-methylen-1i5-phenylencyaniate) or 
epoxy resins such as tetrafunctional tetraglycidyl diaminodiphenylmethane). The 
latter may be mixed before with an aromatic hardener such as 4,4'-diamino 
diphenyl sulfone. DDS. . In order to fabricate replicas, a polymer melt, solution or 
pre-polymeric liquid as those listed above is cast, injection- or reaction moulded, 
and solidified in contact with the master structure by e.g. cooling, thenmally or 
photochemically crosslinking. The original master surfaces may be rendered non- 
adhesive, e.g. by rendering it hydrophobic, using suitable surface treatments such 
as chemically modification with self-assembling monolayers (e.g. silylation from 
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vapour phase using e.g. octadecyltrichlorpsilane. perfluorodecyltrichlorosilane and 
. allyltrimethoxysilane). Alternatively, release coatings or agents such as silicon oil 
may be employed on the surface of the original master. It may also be useful to 
apply such coatings to the cutting surface of the tool. 

As stated above, such polymeric replicas of the original master structure again 
can be used to produce 2™*, 3"* or higher generation replicas ("subHtiasters-) 
which have either the same relief stmcture as the original rnaster or a negative of 
it. Crucial is that the final microcutting tool comprises sharp protruding edges, 
such as sharp ridges. In order to produce such -submasters" via e.g, embossing, 
injection- or reactive moulding, which subsequently can be used to replicate the 
final microcutting tool, preferably polymeric materials are employed that display 
good non-adhesive .properties, such as perfluorinated polynriers. potyolefins. 
polystyrene, or silicone rubbers (e.g. polydimethylsiloxane). Obviously, such 
submasters may be bended or rolled or shaped in whatever . geometry is most 
desired depending on the device and device configuration to be fabricated in 
order to produce cylinder-shaped microcutting tools or microcutting tools of more 
complex geometries. For this purpose, it is useful to use flexible, polymeric 
materials, such as polydimethylsiloxane or polyolefins for submaster production. 

Submasters according to one embodiment of the present invention were prepared 
by first producing a negative replica in polystyrene. PS (atactic polystyrene. » 
105 kg mor\ Tg « 100 'C; Aldrich). For this purpose. PS granulates were 
embossed at 180 °C with a silicon master comprising sharp grooves (height h « 
10 mm. periodicity A = 500 mm. edge angle a = 70 »; MikroMasch. Narva mnt. 
13.10151. Tallinn. Estonia), applying onto the latter a nominal pressure of 300 g 
min-2 for 5 min (cf. Stutzmann. N.. Ten/oort. T. A.. Bastiaansen. C. W. M. Feldman. 
K. & Smith. P. Adv. Mater. 12. 557 (2000)). Subsequently. 2"^ generation 
polydimethylsiloxane (Sylgard silicone elastomer 184; Dow Cofning Corporation) 
replicas according to one embodiment of the present invention were fabricated by 
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poring the pre-polymeric liquid onto these embossed PS films and curing it for 24 
hours at room temperature in air atmosphere. The final microcutting tools were 
fabricated by producing a 3^ generation thermoset replica by first melting the 
cyanate ester resin Primaset PT15 (Lonza) at 1 10 ®C for 30 min, casting thisf melt 
onto the structured PDMS films, curing it for 4 hours at 170 °C and, subsequently 
for 24 hours at 200 °C, and removing at the end the PDMS replicas from the 
cured, surface-stmctured thermoset. 

It is also possible to use microcutting tools fabricated by anisotrppic etching 
directly from thin crystalline wafers. If the wafer thickness is less than 50 nm such 
microcutting tools are flexible and can be mounted on a cylindrical roller suitable 
for reel-to-reel embossing. 

In order to fabricate complex integrated circuits using microcutting the 
rnicrocutting tool might be fabricated with an arbitrary pattern of wedges, that is 
able to define the critical device dimensions of an arbitrarily complex circuit. If 
such a complex master is defined by anisotropic etching of a crystalline wafer, 
sophisticated etching techniques such as comer compensation (cf. van Kampen, 
R. P. and Wolffenbuttel, R. F. J. Micromech. Microeng, 5, 91 (1995). Scheibe, C. 
and bbemieier. E. J, Micrvmech. Microeng. 5, 109 (1995), Enoksson, P. J. 
Micromech, Microeng. 7, 141 (1997)) need to be used in order to ensure that all 
protruding wedges of the tool that are supposed to cut a certain layer of ther 
multilayer stack have the same height. 

Alternatively, the microcutting tool may have a very simple wedge pattem, such as 
an array of parallel, linear wedges. In this case all critical device dimensions need 
to be layout on a regular grid. However, circuits of arbitrary complexity can still be 
defined by appropriately defining the coarse pattem of the layer to be cut, and by 
depositing appropriate interconnections between the regulariy. spaced devices. 
This process is particulariy suited for a reel-to-reel process basejd on a 
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combination of direct printing and microcutting (see figure 12) In a first step a 
regular array of source^rain electrodes with suitable interconnections are written 
by a technique such as Inkjet printing. Then the channel gap between source- 
drain electrodes is defined by microcutting. An active matrix display is an example 
where such a regular array of TFTs is particulariy useful. 

Similar approaches can be applied to the fabrication of via^holes for multilayer 
interconnect schemes starting from a microcutting tool with a regular anay of point 
like protmsions with subsequent filling of selected via holes to provide the desired 
circuit function. 

Another example demonstrates a method by which features in different layers of 
the device can be cut selectively by defining wedges of different height on the 
same master. The etching process to define ttie wedges of the master cap be 
performed in subsequent steps to define several patterns of wedges with different 
heights, for example by varying the width of the lithographic features of the etch 
mask. Such a master is useful to define critical device dimensfons in several 
layers of the device in a single embossing step. 

The tool preferably has a cutting face that is presented to the material to be cut, 
and from which the cutting protrusions protrude. The cutting face is preferably 
planar,. In many situations it wiH be preferable that the cutting protrusions all have 
the same depth. 

The processes and devices described herein are not limited to devices fabricated 
witti solution-processed polymers. Some of the conducting electrodes of the TFT 
and/or the interconnects in a circuit or display device (see below) may be fomied 
from inorganic conductors, that can. for example, be deposited by printing of a 
colloidal suspension or by electroplating onto a pre-pattemed substrate. In 
devices in which not all layers are to be deposited from solution one or more 
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PEDOT/PSS portions of the device may be replaced with an Insoluble conductive 
niaterial such as a vacuum-deposited conductor. 

For the semiconducting layer any solution processible conjugated polymeric or 
oligomeric material that exhibits adequate field*effect mobilities exceeding 10'^ 
crn^Ns, pireferabiy exceeding 10*^ cm^A/s, may. be used. Suitable materials are 
reviewed for example in H.E. Katz, d. Mater. Chem. 7, 369 (1997), or Z. Bao, 
Advanced Materials 12, 227 (2000), Other possibilities include small conjugated 
molecules with solubilising side chains (J.G. Laquindanum, et al., J. Am. Chem. 
Soc. 120, 664 (1998)), semiconducting organic-inorganic hybrid materials self- 
assembled from solution (C.R. Kagan, et al., Science 286, 946 (1999)), or 
solution-deposited inorganic semiconductors such as CdSe nanoparticles (B. A. 
Ridley, et al,. Science 286, 746 (1999)). 

The semiconducting material can also be an inorganic semicondcutor such as thin 
film silicon deposited by vacuum or plasma deposition techniques. 

The electrodes may be coarse^pattemed by techniques other than Inkjet printing. 
Suitable techniques include soft lithographic printing (J,A. Rogers et al.. Appl. 
Phys. Lett. 75, 1010 (1999); S. Brittain et al.. Physics Worid May 1998. p. 31). 
screen printing (Z. Bao, et al., Chem. Mat. ^ 9, 12999 (1997)), and 
photolithographic patteming (see WO 99/10939) or plating. Ink-jet , printing 
considered to be particuiariy suitable for large area patteming with good 
registration, in particular for flexible plastic substrates. 

The device(s) can be deposited onto another substrate material, such as Perspex 
or a flexible, plastic substrate such as polyethersulphone. . Such a material is 
preferably in the fomi of a sheet; is preferably of a . polymer material, and may be 
transparent and/or flexible. 
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Although preferably all layers and components of the device and circuit are 
deposited and patterned by solution processing and printing techniques, one or 
more components such as a semiconducting layer may also be deposited by 
vacuum deposition techniques and/or patterned by a photdHhographjc process. 

Devices such as TFTs fabricated as described above may be part of a more 
complex circuit or device in which one or more such devices can be Integrated 
with each other and or with other devices. Examples of applications include logic 
circuits and active matrix circuitry for a display or a mertiory device, or a user- 
defined gate anay circuit. 

The micfocutting process may be used to pattern other components of such 
circuit as well. One possibility is patteming of the pixel electrodes of an active 
matrix display. In a high-resolution display the optical state of each pixel (liquid 
crystal, organic or polymer light emitting diode, for example) is controlled by the 
voltage applied to each of the pixel electrodes. In an active matrix display each 
pixel contains a voltage latch, such as a TFT. which holds the voltage on the pixel 
while the other pixels are addressed and written. If the TFTs and addressing lines 
are in a different layer of the device as the pixel electrodes, for example, jocated 
below the pixel electrode and connected with the pixel electrode through a via 
hole; microcutting of a continuous pixel electrode can result in very high aperture 
ratio' display, in which the aperture ratio is limited only by the small, vyidth of the 
microcut grooves. 

it may be advantageous to hold the microcutting tool at the same temperature as 
the multilayer structure during the forcing step. e.g. within 5C. Alternatively, they 
may be at different temperatures: thus the temperature of the microcutting tool 
may be more than S^C different from the temperature of the multilayer structure 
duririg the forcing step. 
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The present invention is not limited to the foregoing examples. Aspects of the 
present invention include all novel and/or inventive aspects of the concepts 
described herein and all novel and/or inventive combinations of the features 
described herein. 

The applicant driaws attention to the fact that the present inventions may indude 
any feature or combination of features disclosed herein either implicitly or 
explicitly or any generalisation thereof^ without limitation to the scope of any 
definitions set out above. In view of the foregoing description it will be evident to a 
person skilled in the art that various modifications may be made within the scope 
of the inventions. : 
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CLAIMS 

1. A method for forming an electronic device in a multi-layer structure comprising 
at least a first layer and a second layer, the method comprising forcing a 
microcutting protrusion of a cutting tool into the mufti-layer structure so as to 
cause the protmsion to microeut through the first layer 

2. A method as in claim 1 in which the microcutting protrusion microcuts through 
the first layer and into the second layer. - 

3. A method as claimed in claim 1 or 2. wherein the first and second/layers have 
different electrical properties. 

4. A method as claimed in any of claims 1 to 3. wherein the material of which at 
least one layer is fonned is in its solid state while the forcing step is perfonned. 

5. A method as claimed in any preceding claim, wherein the protmsion has at 
least one edge having a radius of cun/ature less than 100nm. 

6. A method as claimed in any preceding claim, wherein the protmsion has at 
least one edge having a radius of cun/ature less than 10nm. 

7. A method as claimed in any preceding claim, wherein the depth of the 
protrusion is less than 10 micrometers. 

8. A method as claimed in any preceding daim. wherein the depth of the 
protrusion is less than 1 micrometers. 
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9. A method as claimed Iri any preceding claim, wherein the width of the 
protnjsion in at least one direction parallel to the layers is.less than 1 00 
micrometers. 

10. A method as claimed in any preceding claim, wherein the width of the 
protrusion in at least one direction parallel to the layers is less than 10 
micrometers. 

1 1. A method as claimed in any preceding claim, wherein the width of the 
protnjsion in at least one direction parallel to the layers is less than 2 
rnicrorheters. ... 

12. A method as claimed in any preceding claim, wherein the protmsion is fomned 
of a material whose surface has been treated to reduce the coefficient of friction 
between the tool and multilayer staicture. 

13. A method as in any preceding claim in which the microcutting tooj or the 
; multilayer structure or both are in contact with a soft material during the , 

microcutting step. 

14. A method as claimed in any preceding claim, wherein the tool is a flexible . 
sheet bearing the protrusion. 

15. A method as claimed in any of claims 1 to 14. wherein the tool Is rolled over 
the structure. 

16. A method as claimed in any of claims 1 to 15, wherein the tool is rolled over 
the structure in substantially linear path. 
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17. A method as claimed in any preceding claim, wherein the cutting tool has a 
plurality of microcutting protrusions. 

18. A method as claimed in claim 17, wherein the protnisions take the form of 
elongated ridges. 

1 9. A method as claimed in claim 1 8. wherein the ridges are linear. 

20. A method as claimed in claim 18 or 19, wherein the ridges are parallel. 

21 . A method as claimed in any of claims 17 to 20, wherein the protrusions are all 
of the same depth. 

22. A method as claimed in any of claims 17 to 20. wherein the protrusions are of 
different depth. 

23. A method as inany of the preceding claims, wherein the temperature of the 
microcutting tool is within S'^C of the temperature of the multilayer structure during 
the forcing step. 

24. A method as in any of claims 1 to 22, wherein the temperature of the 
microcutting tool is more than 5**C different from the temperature of the multilayer 
structure during the forcing step. 

25. A method as claimed in any preceding claim, wherein the first layer is 
electrically conductive or semiconductive. 

26. A method as claimed in any preceding. claim, wherein the second layer is 
electrically non-conductive or semiconductive. 
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27. A method as claimed in any preceding claim, wherein the first and second 
layers form functionally different parts of the electrical device. 

28. A method as claimed in any of claims 25 to 27 wherein the two separate 
regions of the first layer that have been defined by the microcutting fomn 
electrodes of ah electronic switching device. 

29. A method as claimed in any of claims 25 to 28 wherein the two separate 
regions of the first layer that have been defined by the microcutting form source 
and drain electrodes of a transistor device. 

30. A method as claimed in any preceding claim, wherein the multi-layer stnjcture 
has additional layers on the other side of the second layer from the first layer, and 
the step of forcing comprises fordng the microcutting protrusion of the cutting tool 
into the multi-layer structure so as to cause the protrusion to microcut through the 
first layer, and the second layer, and through or into at least ope of the additional 
layers. 

31. A method as claimed in claim 30. wherein the first layer and at least one of 
the additional layers is electrically conductive or semiconductive. 

32. A method as claimed in claim 31, wherein the microcutting tool cuts into or 
through the said additional semiconductive or conductive layer. 

33. A method as in any of claims 30 to 32, wherein the first layer and said 
additional conductive or semiconductive layer form ftjnctionally different elements 
of the device. 

34. A method as in claim 33, wherein the first layer and said additional conductive 
or semiconductive layer fomn electrodes of an electronic switching device. 
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35. A method as in clairn 34, wherein the first layer and said additional oonductive 
or semiconductive layer form source and drain electrodes, respectively, of a 
transistor device. 

36. A method as claimed in any preceding claim, wherein the step of forcing 
fonns at least one recess in the structure, and the method comprises depositing at 
least one or more materials on top of the microcut multilayer structure. 

37. A method as claimed in claim 36, wherein at least one of the said materials is 
deposited selectively into the recess or selectively adjacent to the recess or 
selectively adjacent and partly into the recess. 

38. A method as claimed in claim 36 , wherein at least one of the said materials 
deposited over the multilayer structure forms a confomial coating on the multilayer 
structure oir selectively on the recess structure or selectively on at least part of the 
structure adjacent to the recess. 

39. A method as claimed in any of claims 36 to 38, wherein at least one of the 
said materials is deposited by printing. 

40. A method as claimed in any of claims 36 to 39. wherein at least one of said 
materials is a semiconductive material. 

41 . A method as claimed in claim 40, wherein said semiconductive material is a 
polymer. 

42. A method as claimed in claim 40 or 41 , wherein said semiconductive material 
fonms the active semiconducting layer of an electronic switching device. 
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43. A method as claimed In claim 40 to 42. wherein said semiconductive material 
is an^nged to emit light. 

44. A method asi claimed in any of claims 36 to 43. wherein at least one of the 
materials deposited into the recess is arranged to guide light. 

45. A method as claimed in any of claims 36 to 43, wherein one of said materials 
deposited into the recesis is electrically conductive. 

46. A method as claimed in claim 45, wherein said conductive material fonns the 
gate electrode of an electronic switching device. 

47. A method as claimed in any preceding daim; wherein the first layer is 
organic. 

48. A method as claimed In any of claims 1 to 47. wherein the first layer is 
metallic. 

49. A method as claimed in any preceding claim, wherein the second. layer is 
organic. 

50. A method for forming ah ielectronic or optical device on a substrate 
comprising the steps of 

(a) fonning at least one recess stracture on the substrate 
((b) depositing material on top of the substrate whereby the 

deposition of material is confined to the recess structure and/or a 

region adjacent the recess structure. 

51. A method as in claim 50 wherein said recess stmcture is fomied by 
microcutting. 
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52 A method as in claim 50 or 51 . which comprises the additional step of 
modifying the surface energy of the surface layer of the substrate in at least part 
of the region adjacent to the recess without modifying the surface energy .n at 
least part of the recess stmcture. 

53 A method as in claim 52. wherein the step of surface rrtodifying is such as to 
reduce the capacity of the material of the surface layer of the substrate to be 

wetted in the said region by the deposited material. 

54 A method as in claim 52 or 53. wherein said additional step of modifying the 
surface energy of the substrate is perfon^ed by bringing the substrate in contact 
with a surface rr^odifying agent, in such a way that no contact is established .n at 
least part of the recess stmcture. 

55 An««»d as In a-v of ela-s 60 to 54. wherein the subsUate contains a. least 
one bcrled layer v* a different in. surface energy from that of the surface layer 
of the substrate wherein the step of nicrocutthg exposes at least pan of the 
buried layer in the recess. 

56 A method as In claim 55 wherein the said exposed buried layer enhances the 
affmityof the deposited material to be confined to the recess structure. 

57 A methdd as claimed in daim 50 or 51 . wherein the surface modification is 
perfom^ed by directing material towards the substrate at an acute angle to the 
upper surface of the substrate. 

58. A method as claimed in any preceding claim, wherein the tool Is harder than 
at least one of the layers of the substrate. 
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59. A method as claimed In any preceding claim, wherein electrodes are defined 
in the multilayer structure. 

60. A method as claimed in any preceding claim, wherein the device is a 
switching device. 

61. A method as claimed in any preceding claim, wherein the device is a 
transistor. 

62. A microcutting tool having a plurality of microcutting configurations formed by 
anisotropic etching. 

63. A microcutting tool as claimed in claim 62, wherein each configuration has at 
least one edge with a radius of curvature less than. 10pnm. 

64. A microcutting tool as claimed in claim 62, wherein each configuration has at 
least one edge with a radius of curvature less than 10nm. 

65. A microcutting tool as claimed in any of claims 62 to 64, wherein the depth of 
each configuration is less than tO micrometers. 

66. A rnicrdcutting tool as claimed in any of claims 62 to 65, wherein the tool is . 
formed of silicon. 

67. A microcutting tool as claimed in any of claims 62 to 66, wherein each 
configuration is a protrusion. 

68. A microcutting tool as claimed in any of claims 62 to 66, wherein each 
configuration is a depression. 
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69. A method for forming a microcutting tool by anisotropically etching a body of 
material to form a plurality of microcutting configurations thereon. 

70 A method as claimed in claim 69, wherein the configurations are protmsions. 
and wherein the method comprises forcing the protrusions into a substrate so as 
to cause the protrusions to microcut into the substrate. 

71 A method as claimed in claim 69. comprising forming one or more 
impressions of the tool in further bodies of material and impressing one of those 
tx)dies into a substrate so as to cause protrusions fomied in that body to microcut 
into the substrate. 

72 A method for fomiing an electronic device comprising forcing microcutting 
protmsions of a cutting tool into a substrate so as to cause 4he protmsion to 
microcut into the substrate and thereby define features of the device, wherein the 
protrusions talce the fomn of a plurality of elongate ridges. 

73. A method as claimed in claim 72. wherein the ridges are linear. 

74. A method as claimed in claim 72 or 73. wherein the ridges are parallel. 

75 A method for fomiing an electronic and/or optical device in a multHayer 
structure comprising at least a first layer and a second layer, the method 
comprising 

forcing a- miaocutling protrusion of a cutting tool into the mult-layer 
stnicture so as to cause the protmsion to microcut through the first layer and into 
the second layer leaving a depression in the structure exposing the second layer, 
and 

depositing a material in Vne depression. 
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76. A method as claimed in any of tlie preceding claims, comprising a second 
step of forcing the microcutting protmsions of the same bra different cutting tool 
into the multilayer staicture wherein during the second step of forcing the cutting 
tool, is orientated differently from the orientation of the cutting tool during the first 
step of forcing. 

77. A method as claimed in claim 76 wherein the first step of forcing forms a first 
series of elongate cuts in the structure, and the second step of forcing forms a 
second set of elongate cuts angled with respect to the first set of cuts. 

78. A method as claimed in any of the preceding claims, wherein the protrusions 
are ail of the same depth. 

79. A method as claimed in any of the preceding claims, wherein the protrusions 
are of different depth. 

80. A method as in any of the preceding claims wherein at least one of the layers 
of the multilayer structure is patterned. 

81. A method as in any of the preceding claims wherein at least one of the layers 
of the multilayer structure Js patterned by direct printing. 

82. A method as in any of thfe preceding claims wherein at least one of the 
niat^rials deposited onto the multilayer structure is patterned. 

83. A method as in any of the preceding claims wherein at least one of the 
materials deposited onto the multilayer structure is patterned by direct printing. 

84. An electronic device fonmed by a method according to any preceding claim. 
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85. An electronic switching device formed by a method according to any 
preceding claim. 

86. A transistor device fomied by a method according to any preceding claim. 

87. A light emitting device fomied by a method according to any preceding claim. 

88. A lasing device formed by a method according to any preceding claim. 

89. An electronic switching device fom^ed in .a muWIayer structure comprising the 
following elements: 

- a first and a second electrically conductive layer 

. a first electrically insulating or semiconductive layer in between the two 
electrically conductive layers 

. a recess stmcture cutting through at least one of the electrically conductive 
and the first electrically insulating or serTnlcon<Jyct^^ 

- a least one further electrically insulating or semiconductive layers deposited 
into the recess structure in contact with the two electrically conductive 
materials 

. a third electrically conductive layer on top of the further electrically insulating or 
semiconductive layer deposited into the recess structure. 

90 An electronic switching device as in claim 89 in which the third electrically 
conductive layer is deposited in such a way that the materia! is attracted by the 
recess stmcture and the mateHal of the third conductive layer is confined to the 
recess structure and/or the region adjacent to the recess stnicture so as to reduce 
the electrical capacitance between the third electrically conductive layer and the 
first and second electrically conductive layers. 
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91. A logic circuit, display or memory device comprising a pluratity of devices as 
claimed in any of claims 84 to 90. 

92. A logic circuit a^ claim^ in jc^ said devices are formed on 
a corrimon substrate/>;v:'?'- " " ^'^^ '^^>^'^^'^*" ^ 

93. A logic circuit as claim the said devices are 
formed in a common layer of ah organic niateiia|. ; 
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